INTRODUCTION
In clinical practice and in the scientific community, there are still many ambiguities in the definition of the diagnostic criteria for children wi th motor delays and motor coordination disorders 1 . According to the International Classification of Diseases 2 , Specific Developmental Disorder of Motor Function (SDDM F, F82.0), is defined as "a disorder in which the main feature is a serious impairment in the development of motor coordination that is not solely explicable in terms of general intellectual retardation or of any specific congenital or acquired neurological disorder " (p.193 ). In the current Diagnostic and Statistical Manual of Mental Disorders (DSM-IV-TR) 3 , the more frequently used term, Developmental Coordination Disorder (DCD) is included in the "Motor skills disorders" (315.4) section of t he " Learning disorders" chapter. Here, DCD is defined by four criteria, of which criteri a A and D are of importance to this paper. In criterion A it is stated that "performance in daily activities that require motor coordination is substantially below that expected gi ven the person's chronological age and measured intelligence " (p.58). In criterion D, it is added that " If mental retardation is present, motor difficulties are in excess of those usually associated with mental retardation " (p.58). Mental retardation (MR) is characteris ed "by si gnificantly suba verage intellectual functioning (an IQ of approximately 70 or below) with onset before age 18 years and concurrent deficits or impairments in adaptive functioning" ( p.37). In DSM -IV, children with MR are subclassified as borderline (IQ 71-84) or mild mental retardation (IQ 50-70) 4 .
These criteria in the definition of SDDM F and DCD are based on the same underlying assumption ; that a motor delay can be explained partly by intellectual or mental retardation. Additionally it is assumed that we should know how much motor delay we ma y expect given a certain intelligence , or how much motor delay can be explained by a certain level of mental retardation a . Howe ver, when trying to operationali se these criteria for a clinical practice guideline 1 , no figures were available in the literature to guide clinical decision -making. Clinicians and researchers therefore often use a cut off IQ score of 70-80, and children with lower IQ levels are generally not gi ven a diagnosis of DCD or SDDM F. This state of affairs leads to the following research questions:
1. Can motor coordination impai rment be explained in terms of general intellectual retardation (ICD -10)? 2. What level of motor performance is to be expected given the person's measured intelligence (DSM -IV, Criterion A)? 3. At what point are motor difficulties considered to be in excess of those usually associated with mental retardation (DSM-IV, Criterion A)? The importance of the se questions to clinicians and therapists is evermore crucial. It was possible to address these by a retrospective analysis of data obtained from children from m ainstream and special education settings (n=302) between 2006 and 2010 and from clinical samples (n=106) over 2 years at 13 clinics. An additional mainstream group were also assessed (n=52).
PARTICIPANTS & METHODS Participants
Data were collected from a total of 460 children (mean age 8.9 years, SD 1.9, range 4-13) over the IQ range 50-145. Onl y children with an IQ >50 were included because pilot data showed that they are abl e to complete the test items and understand the test instructions reliably 5 . Informed consent for the children's participation was obtained from the parent(s) and all proce dures were in accordance with the ethical standards of the Facult y of Rehabilitation Sciences of the KU Leuven (Belgium) and the Local Medical Ethics Committee of Nijmegen (The Netherlands) .
Recruitment
In order to obtain data from children with a broad r ange of both motor an d IQ abilities, participants were recruited from a range of sources. First, data from children in four types of schools were gathered including onl y children wh o were known not to be (or have been) receiving treatment for motor disorders a Ment a l r et ar dat io n is t yp ica l l y u sed in t he US A; I nt e llect ua l D isa bi l it y o r Learning D is a bil it y ( LD) ar e mo r e co mmo nl y u sed in t he U K and E ur o pe. I n t his paper we ado pt t he t er m LD.
('non-referred' group) : 1) children attending mainstream schools with no history of motor difficulties (Mainstream n=52); 2) children attending schools for children with normal IQ but specific learning disorders (specific language impairment, developmental dyslexia or reading disability) and schools for children with general learning disabilities (IQ normal to below average) in the Netherlands (Special education NL n=173); 3) schools for children with general learning disabilities (IQ normal to below ave rage) and schools for children with intellectual impairments (IQ 70 -50) in Flanders (Special education FL n=129). Premature children (<36 weeks gestation) and children with epilepsy were excluded from these samples. In total this 'non-referred' group consi sted of 354 children.
Second, data from children with known motor difficulties ('referred' group) were added to the dataset. The se children had been referred for diagnosis or treatment to rehabilitation centres over a two year period having 'probable DCD'. Their data were eligible if IQ and motor assessments were available (n=106). Most of these children attended mainstream schools (n=75) and the rest schools for children with specific learning disorders (n=31). The IQ data for these samples were extracted from their education/clinic records. Intelligence was measured by school psychologists and trained assistants either as part of the regular diagnosis process (special education; clinical sample, n=40 8) or specifically for the purpose of the current study (mainstream sample, n=52) because no IQ records were available for children without motor problems . All children were tested by trained physical therapists on the Movement Assessment Battery for Children 6, 7 . For the purposes of analyses, data for all children were combined, and grouped according to the IQ categories described in DSM -IV. Participant details are shown in Table 1 .
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Assessment tools
Intelligence assessments IQ was measured using the following standardised tests: the Wechsler Intelligence Scale for Children (W ISC -III/WISC -IV) 8, 9 and the Wechsler Preschool & Primary Scale of Intelligence ( WPPSI 10 ; for children aged 2.5-7 years) administered in 3 14 of the cases, the Kaufman Assessment Battery for Children (KABC 11 ; for children aged 4-21), for 110 cases, the Snijders-Oomen Non Verbal Intelligence Test -Revision (SON -R 12 , for children aged 2.5-17) for 31 of the cases. In the remaining five cases, the Raven 13 and RAKIT 14 were administered. These tests are all suitable for this age group and since scores are standardised they are appropriate for use within the same dataset as an index of IQ. Intelligence quotients (IQ) are reported . These refer to the total IQ score for the particular IQ test administered.
Motor assessment
To assess the severit y and extent of movement skill/difficulty of the children, the motor assessment adopted most commonly in research was used: t he Movement ABC Test (M-ABC 6 ) and its more recent revision ( M-ABC 2 7 ) (henceforth, M-ABC refers to the use of either version of the test) . The aim of the M-ABC is to classify children according to degree of motor impairment. There are separate age-related item-sets, each consisting of 8 items measuring: manual dexterity (3 items), aiming and catching (2 items), and balance (3 items) . Total score can be transformed into percentiles. The structure of the two versions of the M-ABC and the content of most of the items are similar. For the evaluation of motor performance , half of the children (47 %) were tested with the first edition of the M -ABC, and the other half ( 53 %) with the second edition (see Table 2 ). The proportion of children in each IQ group completing each edition of the test was split similarl y. The M-ABC has been shown to be suitable for use with children whose measured IQs are as low as 45 7, 15 . To be able to use data from both editions of the test, percentile scores were used.
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Statistical analyses
To answer the first research question (Can motor coordination impairment be explained in terms of general intellectual retardation ?), Spearman correlations were calculated between IQ and motor percentile score s. The squared correlation (R 2 ) was calculated as a measure of explained variance . Secondly quadratic curve estimation was tes ted however; this did not increase the explained variance. With respect to question 2 (What level of motor performance is to be expected given the person's measured intelligence ?), we calculated mean group percentile scores on the motor test for the childr en with mild LD (IQ 50-70), borderline LD (IQ 71 -84), and normal IQ (85+) . An Anal ysis of Variance (ANOVA) was conducted to investigate the effects of IQ classification on motor percentile score. Post hoc t-tests were used to determine if the means of the three IQ groups differed from each other. Finally, to answer question 3 (At what point are motor difficulties in excess of those usuall y associated with mental retardation ?), a linear regression with motor percentile score as the dependent variable and IQ as the predictor was used to calculate the difference in motor percentile scores per IQ point in our population . The 95% confidence interval is gi ven to indicate the reliability of t hese estimates in our population . A value outside the lower limit of this estimation could be considered "in excess"of what was expected in our population .
RESULTS
Question 1: Can motor coordination impairment be explained in terms of general intellectual retardation (ICD -10)? Motor and IQ scores are shown for each participa nt, broken down by IQ group, in Fi gure 1. The correlation between IQ and motor scores across the entire group was r .44, p<.001. About 19 % of t he variance in motor percentile score s was explained by IQ scores. Although t here is a linear trend, clear excep tions can be seen in all groups at an individual level (see Figure 1 ).
<< Fi gure 1 about here>>
Question 2: What level of motor performance is to be expected given the person's measured intelligence (DSM -IV, Criterion A)? A one wa y ANOVA with IQ group as between subject variable was conducted with motor percentile score as the dependent variable. Motor percentile scores were significantly different between the IQ groups (F (2, 457) 27.12, p<0.001, means: 27.7, 12.9, and 6.3, for normal (85+), borderline (IQ 71 -84), and mild LD (IQ 50 -70), respectivel y. Pairwise comparisons (t -tests) showed that all groups differed from each other (p < 0.01). As shown in Table 3 the majority of children with IQ below 85 score d in the impaired motor range . In our sample of children with mild LD , 82% had a score below the 5 th percentile. Based on these group data one would general ly not expect a child with mild LD to perform within the normal range on a motor test. Nevertheless, there are children with borderline LD (26%) and mild LD (12%) who show motor performance within the normal range. Table 3 about here>> Question 3: At what point are motor difficulties in excess of those usually associated with mental retardation (DSM -IV, Criterion A)? Although the me ans of the IQ groups gi ve an indication of what motor performance to expect for the groups with lower IQ , the y do not gi ve a straight answer to this question. Therefore a linear regression with motor percentile scores as the dependent variable and IQ as th e predictor was used to calculate the difference in motor percentile scores per IQ point in our population. Results of th is regression showed that for each IQ point, around two thirds of a percentile point are lost on the motor test (Mean 0.66, lower 0.54 and upper limits 0.7 7 percentile point per IQ point; B=0.44, t=10, p<.001 ) (see Figure 2 ). These findings indicate that for each standard deviation lower IQ , a mean loss of 10 percentile motor points would be expected.
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DISCUSSION
In our large sample, individuals with lower measured IQ more often showed poorer motor performance than those with a higher measured IQ , substantiat ing the evidence that motor performance and cognitive development are interrelated [16] [17] [18] . At the very least, they are intertwined at both cognitive and neurological levels, for instance through the brain structures and networks associated with the cognitive processes invol ved in attention, executive function , visuomotor skill, timing and learnin g. However as expected there is no one -toone relationship between cognitive ability (assessed through IQ assessment) and motor skill . Although not all individuals diagnosed as LD are poorl y coordinated, the vast majority of the current sample w as.
To answer the study's three focused questions, it appeared that only 19% of motor impairment can be explained by the level of general intellectual retardation. This leaves other causes to explain the remaining 81% of the variance. It will be important to ident ify other factors in future research, with attention, poor autom atisation and executive function as possible candidates 19, 20 . Our study hi ghlighted that for each standard deviation drop in IQ, one would expect a reduction of 10 percentile points (95% CI 8 -12 points) on the Movement ABC. The c linical implication of this finding is that , in general , a larger motor assessment deficit than this is indicative of a motor difficulty that exists over and above the impact of IQ . Moreover, t he finding that onl y 26% of all children with learning disabili ties (borderline LD) performed in the normal range on the Movement ABC is not eworthy. While it suggests that not all children with learning disabilities have motor impairments, therefore suggesting a reasonable degree of potential separation between the co gnitive and motor system, it also suggests that clinicians should be cautious when interpreting the scores of children with learning disabilities on motor assessment batteries and the development of instruments with greater validity in this group may be warranted.
Although the current study has implications for the assessment of individuals with motor difficulties and/or learning disability generally, it is particularly important for those with DCD (SDDMF). The problem of diagnosing DCD (SDDM F) in children with severe learning difficulties (mental retardation) was discussed extensively within the European consensus group when developing the EACD recommendations for DCD as well as by previous groups 1, 21 . In the European EACD guidelines, i t was recognised that defining a specific IQ below which the diagnosis of DCD (SDDMF) is precluded seems artificial. The results of the current study ha ve confirmed that arbitrating between cut -offs and determining discrepancy scores between motor and IQ is very complex. The data reported here highlight a very general trend of lower motor percentile scores in children with learning difficulties (IQ <70). Indeed, the number of children with motor problem s is so high that general screening and extra resources to implement skills training should be recommended in this group. However, for children at the lower end of the IQ range we would urge extra care to be taken in the use/interpretation of existing motor percentile scores since these have not been developed to clarify performanc e at the bottom end of the scale: Children with poor and very poor performance will all score on the 1 st centile, although their performance should be rated differently from each other. A large problem in interpreting the current literature is that childre n with lower IQ have been excluded systematically from the experimental and intervention literature, so scant data are available on this population. As shown in this paper, children with LD show a high risk for motor impairments. The impact of poor manual dexterity and balance is not to be underestimated and requires greater public awareness. Motor skill disorders will interfere with school and after-school activities, independenc e, social accepta nce by peers and social skills , among others [22] [23] [24] . Moreover, a large number of children with LD are likely to pursue vocational training, where these abilities are mandatory 25 . Therefore a dequate assessment and the prescription of task specific interventions are crucial. Furthermore, children with lower IQs need more time to learn a motor task . Hence early recognition and the positive influence of environmental factors are necessary to provide extra w ays to practice skills during activities of daily living and leisure activities. La stl y, poor motor skills in those with LD ma y also lead to mental and physical health risks comparable to that seen in ch ildren with DCD. These include poor physical fitness, cardiovascular health and obesity [26] [27] [28] [29] , as well as depression and anxiety [30] [31] [32] [33] .
While this is a significant study in terms of sample size and outcome for clinicians and researchers, there are inevitably a number of limitations. The retrospective, rather than prospective nature of the study with the inevitable methodological issues that this produces, notably the use of the two editions of the M-ABC and the varied IQ tests us ed are concerns. Howe ver, the motor and IQ tests are all standardised across a population appropriate for the current study and the range of tests were spread similarly across all three IQ groups. Notwithstanding these limitations, this dataset allows cons ideration of the relationship between IQ and motor skill that would not otherwise have been possible and which has increasingly important implications for clinicians, therapists and researchers.
Although defining a specific IQ level to distinguish between children with DCD and children with coordination problems due to learning disabilities may not seem opportune, we recommend doing so until specifically adapted tests are available. Nonetheless, even without appropriate testing materials, the current study hi ghlighted that most of the children with lower cognitive abilities included in these analyses experience motor problems that are expected to impact significantly on their daily activities. It will be crucial in future studies to investigate the relation ships between measured IQ and motor skill further, to evaluate the impact of each on the measurement of the other, as well as in daily life, academic achievement and longer -term outcomes.
CONCLUSIONS
While cognitive and motor problems do not always co -var y, the y do in the majority of children with borderline and mild mental retardation/learning disabilities. It is important to remember that dysfunction in one component of the neural system will affect the other components, particularly in a developing brain. The current study is the first to provide indications of expected levels of motor skill given a child's intellectual functioning and highlights the importance of considering the discrepancy between IQ and motor outcome scores in assessment and remediati on.
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